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SYNOPSIS Settlement of a new reinforced concrete channel and related pipes was creatively underpinned and raised 
utilizing steel mini piles and compaction grout pile elements. The conditions that may have caused the settlement 
are systematically reviewed and details of construction are presented. 
INTRODUCTION 
This paper describes a creative and economical approach 
proposed by the contractor to underpin and raise a settled 
concrete effluent channel and the 84", 60" and 48" diameter 
concrete pipes that are connected to the channel. It also 
reviews the methodology that was implemented to determine 
the cause of settlement. Within budget and schedule 
constraints the investigation generally followed the 
methodology described by Leonards (1992). Such a review 
was necessary to determine the cause of settlement and to 
insure that the underpinning was properly designed and 
constructed. 
The contract documents for the underpinning indicated a 
traditional approach of excavation, dewatering and 
reinforced concrete beams on auger cast or predrilled piles 
to support the pipe and channel. To avoid the expense of 
excav.ation and dewatering and the inherent risks in 
excavating below the water table near other important 
structures, the contractor proposed supporting and leveling 
the channel with hydraulically driven steel mini piles placed 
through holes cut in the channel floor, and supporting and 
leveling the 84", 60" and 48" diameter pipes with 
compaction grout pile elements. 
STATEMENT OF THE PROBLEM 
Within two years after its completion, the middle 414' of a 
744' long concrete effluent channel at a large, recently 
constructed waste water treatment plant in the midwest, 
settled 7-112". The channel consisted of 1 foot thick 
reinforced concrete walls, 15' high, bearing on a 1' thick, 
9' wide reinforced concrete slab on grade. This settlement 
was unanticipated and it caused severe compression spalling 
and tension cracks in the channel walls. Structural integrity 
and long term performance of the channel and the pipes 
connected to it would suffer additional damage from 
continued settlement. 
Located near the area of maximum settlement, an 84" 
diameter concrete feeder pipe entered the channel. This pipe 
was pulled downward as the channel settled causing the 
joints in the pipe to open. Settlement also occurred in the 
60" and 48" diameter pipe that fed into the 84" pipe. The 
configuration of the channel and pipe is shown of Figure 1. 
FIGURE 1 
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GEOTECHNICAL INVESTIGATION AND DATA 
Prior to construction of the 190 million gallon per day 
treatment plant, 13 borings were made in the general 
vicinity of the channel and related structures. These borings 
apparently provided the basis of the foundation design for 
the plant. Typically, these borings indicated approximately 
10'-15' of "Lean ~o Fat Clay" over 35' of Sand and Gravel. 
These river deposits are underlain by weathered shale and 
limestone bedrock at a depth of approximately 55 feet. 
The treatment plant was b1;1ilt in stages beginning in 1988. 
Construction of the effluent channel was started in 
November 1988 and completed in September 1989. 
Settlement of 5" was first observed in October 1990 at 
which time regular settlement readings were taken through 
completion of the remedial underpinning. In order to help 
determine the cause of the post construction settlement, the 
owner made seven (7) additional borings adjacent to the 
channel. These borings indicated a layer of very soft 
organic silt and clay beneath the channel. This material was 
not detected in the preliminary boring logs. The thickness of 
this soft layer varied from 5' to 25' and corresponded 
directly with the observed settlement. It was logical to 
conclude from this data alone that the settlement resulted 
from consolidation of this previously unknown silty clay 
layer. The subsurface conditions beneath the channel and 
settlement of the channel are summarized in Figure 2. 
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FIGURE 2 
EVALUATION OF THE SETTLEMENT 
Prior to evaluating causes of settlement, a broad review of 
site conditions and history was conducted. Every reasonable 
effort was made to obtain information, both qualitative and 
quantitative about the site, sequence of construction, 
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construction procedures, survey data, and dewatering 
records. It was known that the site was located on river 
alluvium and that highly varied conditions should be 
expected, although this was not indicated by the preliminary 
pre-construction borings. Preceding construction of the 
channel, 140' diameter clarifiers were constructed 65' north 
of the channel. During their construction, deep deposits of 
organic clay were encountered, removed and replaced with 
suitable backfill. In addition, aerial progress photographs 
showed large stockpiles of fill material near the location of 
the yet to be constructed effluent channel. Shortly after the 
completion of the clarifiers, a 110' by 243' chlorine contact 
tank was built 15' from the south wall of the effluent 
channel to a depth of 3 'below the bottom of the channel. 
During construction of the chlorine contact chamber, soft 
organic deposits were also encountered, removed and 
replaced with suitable backfill. In addition,, extensive 
dewatering was reportedly required for this phase of the 
project. Construction of the contact chamber preceded 
channel construction by 8 months. 
The contract documents for underpinning the channel and 
the lateral pipes required the contractor to submit design 
details and calculations for the proposed stabilization work 
and to guarantee the work against settlement for 5 years. 
Therefore, in order to provide a successful design, it was 
essential that all possible causes of settlement be identified 
and understood. The methodology used for evaluating the 
failure followed that proposed by Leonards (1992). That 
methodology is quoted as follows: 




d. Performance prior to failure 
e. Characteristics of failure 
f. Post failure developments 
2. Identify the facts and features of the failure that 
must be explained by any hypothesis of its cause. 
3. Postulate mechanisms of failure. 
4. Systematically examine each postulated failure 
mechanism and discard those that are incompatible 
with one or more of the established facts or 
features of the failure. 
5. Iterate steps 2, 3, and 4 until one (or more) 
mechanism(s) cannot be disproved utilizing all the 
known facts and features of the failure. 
6. Conduct specific further investigations to validate 
the proposed explanations." 
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POSSIBLE CAUSES OF SETTLEMENT 
Based on the history of activities at the site and review of all 
available data, the following causes of settlement were 
postulated and evaluated. 
1. Placement of stockpile material, and later' fill placed 
around the clarifiers and the channel consolidated the soft 
clay beneath the channel. 
2. Extensive dewatering required for the construction of the 
nearby chlorine contact chamber lowered the water table 
with a corresponding increase in pressure on the soft clay 
layer resulting in it's consolidation. 
3. Loss of fine material in either the soft clay or underlying 
sand due to dewatering for the chlorine contact chamber. 
4. Possible errors in post failure soil sample testing or 
desiccation of the consolidation samples prior to testing. 
With the limited information available from the contract 
documents, and based on the observations of some of the 
people involved in various stages of the construction, each 
of the previous failure mechanisms were systematically 
evaluated until it was eliminated as a cause. 
1. Settlement due to increased overburden pressure from 
fill or previously stock piled material. 
It was felt that the stock piled material should have 
helped preconsolidate the foundation, however, the time 
period and exact location of the material was unknown. 
This was only observed in a few aerial photographs and 
the location or its height could not be accurately 
determined. The stock pile appeared to be located too 
far from the channel to have any significant influence. 
Settlement resulting from placement of backfill material 
next to the channel was evaluated and initially dismissed. 
A total of three consolidation tests were performed, The 
e-log P curves all indicated that the soil was pre-
consolidated to between 3.2 and 10.1 ksf. This exceeds 
the pressure of 1.4 ksf imposed by the channel and fill 
material. The estimated settlement based on test data was 
only 3/4" to 1-1/2" inches. The weight of fill and 
channel were still less than the preconsolidation pressure, 
therefore, settlement of the magnitude observed could not 
be possible. 
2. Lowering of the ground water table due to 
construction dewatering for the Chlorine Contact 
Basins. 
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This possibility could not be completely eliminated. 
There was insufficient information on the exact sequence 
of construction and operation of the wells. It was also 
determined that the dewatering wells were not located 
close enough to the settled area to cause the settlement. 
Also, water level readings over time were not available. 
Some minor settlement in the immediate vicinity of the 
wells was reported. One of the surveyors present during 
construction recalled that the elevation of the top of the 
casing on one of the dewatering wells settled 
approximately 0.5" for unknown reasons. 
3. Loss of fines from dewatering for the Chlorine 
Contact Basin. 
Pumping records were not available, however, based on 
conversations with the dewatering contractor and the 
Engineer, loss of fines did not take place due to close 
inspection and monitoring of the discharge water. 
Significant settlement of the area around the wells was 
not observed or reported. 
4. Errors in Sampling or Testing. 
All of the e-log P curves as indicated a preconsolidated 
material. However, the water content of the 
consolidation samples and the triaxial test samples ranged 
from 40% to 55%. These appeared to be higher than 
what would be expected for a soil preconsolidated to 
10.1 KSF. No errors or inconsistencies were noted in the 
consolidation test data. The tests were considered to be 
valid and no further consideration was given to this. 
Time and budget constraints prevented further in-depth 
testing and evaluation, and the contractor concluded that 
settlement was caused by consolidation of the soft clay due 
to increased overburden pressure resulting from the weight 
of the fill and the channel as this appeared to be the most 
logical cause in spite of test data to the contrary. The 
underpinning system was designed to accommodate all 
known loads. 
ORIGINAL UNDERPINNING SYSTEM 
The contract documents for underpinning and raising the 
pipes and channel called for a steel pile or auger cast pile 
system. Regardless of the pile element selected all piles had 
to be placed in a predrilled hole; percussion or vibratory 
driving equipment was not permitted. Support of the pipes 
was to be accomplished by installing cast-in-place concrete 
cradles beneath the pipe at regular intervals. These cradles 
would then be supported on piles. The channel was to be 
similarly supported on piles, except that the piles would be 
connected to the outside edge of the channel slab. 
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In order to install the support cradles beneath the pipe and 
to connect the piles to the channel. The channel and pipe 
had to be exposed. This required excavating approximately 
4000 cy to a depth of 14'. The water table was located at 
a depth of approximately 9 ', and numerous electrical duct 
banks and pipe lines that had to remain in service were 
located within the excavated area. These conditions made 
the task of excavating and underpinning extremely difficult 
and costly. 
REVISED UNDERPINNING SYSTEM 
The contract documents required the contractor to submit 
with the bid a detailed description of the construction 
sequence and underpinning system. This allowed the 
contractors some flexibility to propose alternate designs. 
In order to eliminate the need for costly excavation, 
dewatering, and maintenance of existing utilities, the 
successful contractor proposed a system based on; 
1. Supporting and raising the channel with hydraulically 
driven steel mini piles. These piles would be located on 
the interior of the channel rather than the exterior. 
2. Supporting and raising the concrete pipe with 
compaction grout pile elements. 
























DESCRIPTION OF THE STEEL MINI PILE SYSTEM 
Groups of 4 mini piles spaced 12' to 14' on center were 
installed over the 414' settled length portion of the channel. 
The mini piles were installed through 2.5' wide x 7'long 
opening saw cut in the channel floor. A total of 107 mini 
piles were installed. 
The minipiles were designed as point bearing piles. Sound 
rock was located 50' to 60' below grade. The pile design 
criteria is; 
• Design Load - 42.5 kips per pile 
• Fy- 50ksi 
• Pile Diameter - 3.5" 
• Pile Wall Thickness - 3116" 
The mini piles were hydraulically driven. The pressures 
required to drive each 3.5' pipe section were recorded on a 
pile driving log. After all the mini piles were driven, 50 ton 
hydraulic jacks were placed at each mini pile location. 
These jacks were connected by a manifold system to a 
central hydraulic pump which allowed up to 80 jacks to be 
activated simultaneously for a controlled lift. 
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DESCRIPTION OF COMPACTION GROUT PILES 
Compaction grout is the process of injecting a stiff mortar 
like grout into a soil. The grout material remains a 
homogenous mass as it is injected, thus displacing and 
compacting the surrounding soil. The procedures and 
properties of compaction grout are well documented (Warner 
1974). Recently ,.compaction grouting techniques have been 
successfully used to create in-place piles for compressive 
and tensile loading (Berry and Grice, 1989). 
Soft organic silts and clays are not normally suitable for 
densification with compaction grout. However, compaction 
grout piles can be created in nearly all types of soil and in 
this case were ideally suited for supporting the precast 
concrete pipe. 
Compaction grout piles were installed on each side of the 
pipe at each joint location or at intervals not exceeding 1 0'. 








SU.T AND CLAY 
• Compressive Strength of Grout - 1200 psi minimum ~ 
(limestone screenings and 20- 25% cement by weight) ~ 1---------~'-=::-------1 
DBNSBSAND 
• Cross Section Area- 3.25 s.f., or approximately 115 ~ 
cf/grout pile (grout was pumped at 3.25 cf/1£) * 
• Pumping Cut Off Criteria - 600 psi, or unwanted lift 
or unwanted soil movement 
The grout injection casings were drilled to rock using light 
weight rotary drilling equipment. After completing several 
grout columns, it was apparent that the sand layer overlying 
the rock was extremely dense. Grout takes in the sand 
strata were only 0.25 cf/lf at pressures in excess of the 
design parameters. After careful evaluation, it was 
determined that the sand layer had sufficient bearing 
capacity to support the grout column. The tips of all 
subsequent grout columns were located in the dense sand. 
A graph of grout volume versus depth is shown in Figure 5 
for two typical grout columns. These parameters 
correspond very well with the soil properties shown in 
Figure 2. 
The sequence of grouting to support and lift the pipe was: 
1. Install vertical compaction grout piles to the bottom 
of the pipe. 
2. Install angular grout pipe to place "lifting grout" beneath 
the center of the pipe. 
3. After the pipe was raised, regrout at the interface 
between the vertical grout columns and the outside face 
of the pipe to establish positive support. 
A total of 52 vertical and angle grout columns were 
installed. 
---- HOL8#6 ........_ HOLE!i130 I a 
FIGURE 5 
CONCLUSION 
Both the channel and the pipes were successfully 
underpinned using mini piles and compaction grout piles. 
Channel and piles were successfully underpinned. The 
channel was lifted to eliminate 50% of the settlement 
(Figure 2). Several unsuccessful attempts were made to lift 
the channel to its as-built position. After extensive review 
of the conditions, it was concluded that the remaining sag in 
the channel was a result of plastic deformation or "creep" in 
the concrete. Further attempts to lift the channel were 
therefore discontinued. 
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